BACKGROUND: Regular treatments of Ménière's disease (MD) vary largely, and no single satisfactory treatment exists. A complementary treatment popular among Dutch and Belgian patients involves eyeglasses with weak asymmetric base-in prisms, with a perceived high success rate. An explanatory mechanism is, however, lacking. OBJECTIVE: To speculate on a working mechanism explaining an effectiveness of weak asymmetric base-in prims in MD, based on available knowledge. METHODS: After describing the way these prisms are prescribed using a walking test and its effect reported on, we give an explanation of its underlying mechanism, based on the literature.
Introduction
To treat vestibular diseases, numerous methods do exist today, mainly aimed at reducing the severity of the associated symptoms. Usual treatments include oral pharmacotherapy, physical or behavioural therapy, intratympanic pharmacotherapy, or surgery aiming at a complete functional ablation of the organs of balance [80] . Of all vestibular diseases, Ménière's 252 J.E. Bos et al. / Treatment of vestibular disorders with prisms from the numerous treatment methods mentioned, many MD patients in particular rely on complementary therapies [58, 86] .
One of the complementary treatments to which a relatively large number of Ménière patients in the Netherlands and Belgium have turned for more than 70 years, involves optical treatment using weak asymmetric base-in prisms [27, 58, 94, 96, 97] , here referred to as WABIPs. As yet, no prospective randomized controlled trial (RCT) has experimentally confirmed that these WABIPs are effective, nor have possible mechanisms been described supported by the literature. Given the positive results reported so far [22, 58, 101, 103] , and to initiate and explicate a discussion about the use of these prisms based on scientific arguments, rather than on opinions, also facilitating an RCT, in this paper we elaborate on a possible mechanism for the effect of these WABIPs.
Here, we take their prescription as explained below as the basic assumption, elaborating on existing data and theories taken from the literature, and do not add new experimental data. Yet, as a result of this thought experiment we arrive at a new hypothesis.
To present a comprehensive report, we first give a short review of the current knowledge on the diagnosis, epidemiology, pathology and current treatments of MD (Section 2). A description of the WABIPs and how they are prescribed and applied is given next (Section 3), followed by a possible mechanism thereof (Section 4). A discussion finally concludes the paper (Section 5). The reader familiar with the literature on MD may proceed with Section 3.
Ménière's disease

Diagnosis
Based on the AAO HNS criteria [21] , the most recently published diagnostic criteria for MD as jointly formulated by several societies 1 [54] include two categories: definite and probable MD. Definite MD is described as an idiopathic syndrome of endolymphatic hydrops and is diagnosed when all of the following four criteria are met:
1. two or more spontaneous attacks of vertigo lasting between 20 minutes and 12 hours each, 2. audiometric test results showing a low-to medium-frequency hearing loss in the affected ear on at least one occasion before, during, or after one of the vertigo attacks, 3. fluctuating aural symptoms in the affected ear, including a loss of hearing, tinnitus, or fullness of that ear, 4. the symptom set which cannot better be accounted for by another vestibular diagnosis.
In probable MD, the patient meets criteria 1, 3, and 4, but does not have audiometrically determined hearing loss. A case of probable MD could therefore also be, for example, a case of vestibular migraine [52] .
Of all the symptoms associated with MD, vertigo and nausea are reported to have the largest negative impact on the quality of life [47, 48, 64, 108] .
Epidemiology
Epidemiological studies on MD are scarce and findings show large variations. A Swedish study reported an overall incidence of 46 new cases per 100 000 per year [87] , while a Finnish study reported a yearly incidence of 4.3 per 100 000 and a prevalence of 43 per 100 000 [49] . In the US a prevalence of 190 total cases per 100 000 was found [39] . In the Netherlands and Belgium, the incidence is estimated to be between 40-50 new cases per 100 000 per year and the prevalence estimated at a total of 300 per 100 000 [50] . This wide range in incidences and prevalences can be assumed to be due to methodological differences, changes in the diagnostic criteria, and differences among the included populations.
Pathology
A histological hallmark of MD was discovered early in the 20th century in post-mortem temporal bones of Ménière patients [36, 107] . In all cases studied, an endolymphatic hydrops was observed, i.e., an enlargement of the endolymphatic space within the inner ear [31, 70] . Yet, an extensive review of the literature on endolymphatic hydrops did not provide unequivocal support for the hypothesis that an endolymphatic hydrops alone causes MD [29] . Both MD and the endolymphatic hydrops are therefore still referred to as idiopathic.
Current treatment options
Today, Ménière patients are offered an abundance of medical and complementary healthcare treatments. This abundance implies that none of the current treatment options satisfactorily alleviates all associated symptoms in all patients. Moreover, most of these treatments have not been tested through randomized controlled trials [81] , several have been debunked (see below), and patients often report to benefit from a combination of treatments [78] .
A primary treatment widely recommended is the reduction of salt intake and the use of diuretics to lower the volume and pressure of endolymph [78, 81] . Second, one of the most prescribed regular treatments in Europe is the use of betahistine [58, 81] . Next to betahistine, cinnarizine is also prescribed, particularly in the Netherlands [58] . A more invasive treatment shown to be effective in a large number of Ménière's patients, involves intratympanic steroids [53] and gentamicin injections, the latter functionally destroying the vestibular end organ [69, 78, 81] . Another invasive treatment involves surgery of the labyrinth, such as endolymphatic sac surgery, vestibular nerve section and labyrinthectomy [78, 81] . In addition to these treatments, many patients use hearing aids to compensate for their hearing loss and/or tinnitus [58, 81] .
Placebo effect
A non-negligible effect of many therapies concerns the placebo effect [68] . Because of the erratic exacerbating and remitting nature of MD, the placebo effect has been assumed to be of special interest here as well [38] . The functional effect of betahistine, for example, has seriously been doubted, and its placebo effect, though not proven, made plausible [1] . Moreover, the same has been reported to hold for endolymphatic sac (or shunt) surgery [4, 12, 13, 92, 93, 105] . Endolymphatic sac surgery, for example, has been shown to be as effective as a simple mastoidectomy, with 70% of the patients reporting alleviation of the Ménière symptoms in both groups [12, 13] .
Utermöhlen's weak asymmetric base-in prisms
Prisms
Prismatic glasses are classically known from treatments for ophthalmologic visuo-spatial deficits like strabismus [67] , and more recently also for neurological visuo-spatial disorders like unilateral spatial neglect [62, 77] . MD patients have been assumed to benefit from prism glasses as well. This effect was first proposed by Utermöhlen, a Dutch ear, nose and throat (ENT) and eye specialist [94] [95] [96] [97] [98] 102] . The glasses prescribed by Utermöhlen have three distinct characteristics. First, the total (added absolute) power of both prisms does not exceed 3 prism dioptres ( ). Second, the amount of prismatic power is asymmetrically divided over the two eyes. Due to this asymmetry, a real object at point A is projected onto an imaginary point B that is shifted laterally with respect to its original location A ( Fig. 1 ). This shift also holds for the visual straight-ahead in the direction of the strongest prism, and requires a (version induced) gaze shift. Third, the bases of the prisms are always positioned inward, or nasally. This positioning results in the projection of A onto B, located further away than A, which may compensate for a convergence insufficiency. Based on these characteristics, Vente & Meulenbroeks [103] referred to these prisms as weak asymmetric base-in prisms (WABIPs), to set them apart from other kinds of prism prescriptions.
The extended Utermöhlen test
Since Utermöhlen first described his method in 1941, several Dutch medical doctors, affiliated with an informal ad hoc Utermöhlen Working Group, have applied this method. Together they determined the method of WABIPs prescription as reported on here.
First, a careful medical anamnesis is taken to exclude comorbidities that may hamper the application of the prism glasses and excluding those for whom no benefit is anticipated. Explicit exclusion criteria are amblyopia, absence of stereopsis, and previous vestibular or strabismus surgery. Although WABIPs are prescribed by optometrists and orthoptists, the importance of the medical history is taken as the main reason to advocate the application of these glasses by medical doctors. The patient is then optometrically tested and given his or her optimal refraction, stereopsis being tested last. The Maddox test is applied next [55, 61] , both at a far and at a near distance to determine especially a larger than normal exophoria for near vision [29, 79] . These results determine the total added (absolute) prism power of the WABIPs [91] . To determine the asymmetry of the prism powers, De Wit and Visser [27] adapted Utermöhlen's original walking test [94, 97] . In their extended Utermöhlen test (EUT), the patient walks ahead with eyes open in a straight path towards an additional bright vertical luminous line, for a distance of approximately 5 meters in a normally lit room (initial phases in Fig. 2 ). At 0.5 m in front of the line the patient stops and is asked to focus on the luminous line for approximately 10 s, creating a clear retinal after-image. After the luminous line is turned off and the room lights dimmed, the patient is instructed to close the eyes and to walk 5 m backwards along the same straight path. Different from Utermöhlen, who then stopped, the EUT requires the patient then to walk forward again towards the extinguished luminous line and back again for about 5 times while keeping the eyes closed. During this procedure, no mention is made of the after-image, nor its apparent motion (see below).
As reported by De Wit & Visser [27] , the walking pattern of Ménière patients in the EUT typically deviates from the straight path, resembling a star-like figure, or "marche-en-étoile" as described by [5] and shown in the center panel of Fig. 2 . Ménière patients most often deviate towards the affected side [27] . The patient is then given WABIPs adjusted to the patient's optimal refraction, and the EUT is repeated. The asymmetry in prism power is determined by the deviation on the EUT, prism with the highest power typically placed on the presumed affected side. With the correct WABIPs, the patient then walks along straight lines throughout the EUT as shown in the right panel of Fig. 2 . If there is a deviation remaining, the asymmetry of the prisms is adjusted accordingly, and the EUT repeated.
WABIPs therapy
Finally, the patient is given the prescription of the optimal refraction with the correct prisms added, to be worn in daily life, both during latent phases and during attacks. Multifocal glasses are typically advised against for their known vertiginous effects. During attacks, the patient is advised to fixate visually on a point straight ahead whilst wearing the WABIPs. Patients are lastly advised to return for a repeat consultation after one year. During this visit, the EUT is repeated, possibly resulting in an adapted prescription.
Alleviation of vertigo in Ménière's disease by WABIPs
Due to the lack of RCT data, the assumed effectiveness of WABIPs is largely based on anecdotal evidence [27, [94] [95] [96] [97] [98] , references of particular interest, but typically not complying with current standards for scientific research. In addition, two retrospective surveys have been published more recently [58, 101] , one case report [22] , and one prospective double blind experimental study [103] .
In the retrospective survey by Vente et al. [101] , the effect of WABIPs has been reported in a group of 580 patients diagnosed with unilateral MD by an ENT specialist. The effect was self-rated on a four-point scale: 1 = no or only minor improvement experienced; 2 = undoubted improvement experienced but incidental vomiting still occurring; 3 = rare attacks of short duration (less than one minute) without vomiting, and antivertigo medication discontinued; 4 = complete cessation of attacks and discontinuation of antivertigo medication. Overall, 93% of their cohort reported an improvement (scores ≥2), 73% reported only rare short or no attacks without Left panel: A healthy subject walks in the initial phase toward a fixation light, imprinting an after-image. After closing the eyes and in a dimly lit room, the subject is instructed to walk back and forth five times in total, and succeeds in doing so without significant deviations. Note that the after-image moves with the subject. Centre panel: A unilateral MD patient with a left-side affected labyrinth (darkened), when instructed to do the same, typically deviates in the direction of the affected side when walking backward, and continues rotating during the remainder of the EUT. Right panel: The same patient shows a straightened walking pattern when wearing WABIPs, particularly effective while imprinting an afterimage during the initial phase of the EUT, with the glasses preventing a drift of the after-image during its remainder. The arrows represent the vestibular efferent orientation bias (e) and ocular re-afferent orientation (a) as explained further in the text. medication (scores 3 and 4). They furthermore observed that 76% showed an EUT deviation to the same side as diagnosed by the ENT specialist, of which group 95% reported an improvement (scores ≥2). Moreover they observed that 36% of their cohort showed a significant convergence insufficiency (see above), 96% of these patients reporting an improvement (scores ≥2). 29% fell in both categories (ipsilateral EUT and a significant convergence insufficiency), of whom 98% reported an improvement (scores ≥2). 93% of the latter group even reported to be free of attacks and medication (score 4).
A case study was presented by Crowley [22] , applying the method to an MD patient, who remained without symptoms for at least 20 months after prescription.
Marsman [58] published data on the effectiveness of WABIPs, based on a survey among 305 Dutch and Belgian Ménière patients, 69% of whom had experienced symptoms for more than 5 years. The aim of this survey was to discover which therapies were used by these patients to alleviate their symptoms. This study showed that medication (typically betahistine) was used by most patients (90%), followed by WABIPs (34%). Moreover, 62% of the betahistine users considered the medication effective, whereas the users of the WABIPs reported 78% effectiveness.
The only notice of a prospective WABIPs study comes from Vente & Meulenbroeks [103] . They applied the EUT to 21 unilateral Ménière patients.
Fourteen of these patients were prescribed WABIPs as described above, while the other 7 were given their individually determined optimal WABIPs, however, base-out (i.e., placed temporally) as a placebo control group. Effects were rated by means of a diary. Four patents were excluded due to incomplete data. Ten out of the 11 remaining patients (91%) with base-in prisms experienced a favourable result, in particular fewer vertigo attacks, as compared to 2 out of the remaining 6 (33%) of the control group. In those showing a clear convergence insufficiency, 5/5 (100%) had favourable results with base-in prisms and 1/5 (20%) with base-out prisms. The latter may also find support by further anecdotal evidence that, in many patients returning with complaints, their prisms were shown to be finally applied in the wrong orientation. These prospective study results are in support of those from the retrospective study by Vente et al. [101] .
The high success rate of WABIPs observed suggests that there is more to it than merely a placebo effect, although caution is always warranted. In the sacculotomy, for example, the reported success rates were also high, around 80%, yet proven not more effective than a placebo procedure. In favour of an actual effect are: 1) the relatively high success rates in patient improvement reported (up to 98%); 2) the fact that by considering ipsilateral EUT and ENT based diagnoses and a convergence insufficiency both had a positive effect on this rate; and 3) the difference in results between base-in and base-out prisms. All of these observations speak in favour of WABIPs, or at least of further studies on the effectiveness and mechanism of WABIPs in MD.
Although these observations may not be taken as solid proofs of effectiveness each individually, and do not render an RCT superfluous, they do speak in favour of WABIPs when considered together in a maximum likelihood or Bayesian way. Stated more carefully, they at least speak in favour of further studies on the effectiveness and mechanism of these WABIPs.
Proposed mechanism of action of WABIPs
The star-walk induced by a drifting after-image
To explain the star-walk or "marche-en-étoile" in Ménière patients (see section 3.2), we here refer exclusively to unilateral defects, or at least a clear asymmetry in vestibular function. Moreover, despite the fact that MD has been judged idiopathic, and the hydrops has not been confirmed to be a necessary and sufficient condition for the disease [30] , there is little doubt as to its vestibular cause [6, 40, 54, 81] . In particular, it has been shown that MD is characterised by vestibular hypofunction [56, 57, 65, 71, 80] . Also it can be assumed that in unilateral MD, the functioning of the semi-circular canals (SCC) is at issue, as revealed by the VOR [3, 23, 32, 80] , in particular induced by caloric irrigation. The left-and rightward nystagmus then shows a different amplitude when the left and right ear of Ménière's patients are irrigated separately with warm and cold water. The asymmetry is referred to as directional preponderance [36, 43, 56, 57, 65, 71] . Caloric stimulation has been explained by endolymphatic convection within the SCC, in particular the horizontal canal that comes most close to the auditory duct [42] . Of these eye movements, typically the low-frequency hypofunction of the affected ear is associated with this directional preponderance [37, 59] . Interestingly, the head impulse test (HIT), typically investigating the effect of high-frequency head motion, did not reveal this preponderance in MD [51, 56, 57, 65, 66, 71, 82] . A tentative conclusion is that unilateral MD can (partially) be characterised by a low-frequency hypofunction of the affected canals.
An issue of particular interest concerns the output of the coding for angular velocity over a wide range of typically natural head movements [33, 88] .
Neural integration of the (most) affected canal afferents, characterised by hypofunction, and the normal (or less affected) afferents of the contralateral canals, then likely results in a net angular velocity offset in the efferent (motor) signals controlling the VOR. This offset we will further refer to as the vestibular bias (see also Fig. 2) . When relatively large, this bias may lead to spontaneous overt nystagmus in the acute phase of MD [80, 83] , and to a covert, i.e., not manifest, nystagmus [106] when relatively small in the latent phase of MD. The latter may be explained by cancellation of the vestibular component by visual cues resulting in fixation suppression [20] , or by the optokinetic reflex [23, 32] . Alternatively, or in addition to that, the vestibular bias may be insufficient to overcome a possible muscle resistance to movement [23, 90] . A refinement of the tentative conclusion given above therefore is that unilateral MD can (partly) be characterised by a vestibular bias, resulting in normal eye movements in its latent phase, and possibly leading to spontaneous nystagmus in its acute phase.
The EUT is typically applied in a latent phase of MD. Despite the lack of evidence for the involvement of overt eye movements, Kapteyn & De Wit [44] reported an apparent drift of the after-image in the EUT. The importance of this after-image is given by the observation that MD patients do not show the typical EUT star-walk when they only walk towards an extinguished fixation object in the initial phase with eyes open [27] . De Wit c.s. [26, 27] related the drift of the after-image to the opto-or oculogyral illusion (OGI), however without further explaining it. The OGI refers to a drift of either a true subject-fixed target, or an inherently subject-fixed after-image, in the same direction as an actual self-rotation in healthy subjects [14, 16, 17, 18, 28, 34, 60, 99] . Interestingly, the OGI is present even at otherwise perceptually subthreshold physical angular motion. Like MD, the OGI has been shown to be of vestibular origin, e.g., it is absent in labyrinthine defective subjects [60] . Moreover, eye movements have been excluded as a causal factor for the OGI [16, 18, 28, 41, 106] . At low accelerations in particular, the OGI has been explained by a discrepancy between efferent (motor) signals and re-afferent 2 (sensory) ocular signals [16, 28, 106] . The results of Carriot et al. [16] , for example, showed "that at very low acceleration rates, the OGI is closely related to the suppression of nystagmus, and to incomplete suppression coupled with retinal slip at higher acceleration rates (> = approx 5
• /s 2 )". Interestingly, Sugie [89] already gave an explicit account of the perceived or subjective target position in the OGI, long before Carriot's account of it, based on an efference copy [104] or corollary discharge [85] . Essentially, Sugie [89] explicitly reckoned actual target position (T), the net vestibular efferent motor signal driving the eye muscles (e, also shown in Fig. 2) , and a net re-afferent (sensory) signal accounting for eye position (a, also shown in Fig. 2) , predicting that in general perceived target position S is given by S = T − (e−a), but see note 3 . If, for example, the eye is actively moving (as indicated by both e and a that will normally be equal then) while looking at an Earth-stationary target (e.g., T = 0), the perceived target motion indeed equals the true target motion, i.e., S = T = 0. It also nicely explains the simple observation that pushing the eye-ball with a finger from the side makes the world seem to move. In this case there is no true target motion and no efferent signal (T = e = 0), but there is an afferent signal, resulting in S = a / = 0. Lastly, and most importantly here, if there were to be a vestibular efference copy due to a small angular motion (e / = 0), that for the reasons given above does not result in an actual eye movement (a = 0), a target moving with the subject (T = 0) would be perceived to be moving, i.e., S = −e. Because the efference copy is opposite the self-motion, the latter thus explains the oculogyral illusion: a perceived target motion in the direction of the self-motion. In case of an erroneous vestibular bias in MD, this likewise explains the star-walk in the EUT as shown in Fig. 2 . This conclusion, however, requires the additional assumption that the drifting after-image in the EUT is associated with the visual straight ahead. This assumption seems to be justified by De Wit & Visser [27] , who mentioned that "during the first phase of our [extended Utermöhlen] test, the walk with open eyes to an orientation point, probably a 'memory' is built up in the locomotor system, as well as in the vestibular system. This memory then, would maintain the right direction during the walk with eyes closed. We 3 In fact, Sugie used E' v instead of e, i.e., a signal predicted based on the efference copy and knowledge of the muscle-eye dynamics (which he called a "simulator"), and the actual eye position E instead of a. The former takes into account the fact that eye position can be driven by a signal coding for velocity. The latter can be inferred by the brain from, for example, a re-afferent signal. The given equation follows in a straightforward fashion from the flow-diagram presented in Fig. 1 have experienced that when the subject performs the marche-en-étoile with no previous 'orientation walk' his sense of direction is noticeably more disturbedas when the subject moves his head during the test".
A detail here concerns the star-walk itself, in which the patient walks backward in one direction, and forward in the other (Fig. 2) . This change of direction, however, is consistent with the observation that the patient shows a continuous unidirectional yaw rotation throughout the EUT with eyes closed. Moreover, the latter observation is also consistent with the assumption that this rotation is brought about by the vestibular bias, coding for velocity. Here, it might be questioned whether patients are aware of their deviate walking pattern, which awareness might undermine the test. Anecdotal evidence, however, showed that patients are typically in disbelief about their deviate walking pattern when informed about that afterwards. Moreover, in the latent phase, the small vestibular bias only results in a small deviation of the subjective straight-ahead, a subtlety corrected for by weak prisms, typically not considered for ophthalmologic deficits [15] .
Although we here focussed on the case of a relatively small vestibular bias with a possible covert effect on eye movements, a large bias with an overt nystagmus in MD does not contradict the reported observations [27] . After all, the drift of the afterimage in the oculogyral illusion is in the same direction as the implied self-motion, which motion may lead to a slow phase VOR in the opposite direction, then causing a real permanent fixation spot to move in the same direction as the after-image. The fact that according Sugie [89] this would not give rise to a perceived target motion (e−a = 0 from which it follows that S = T = 0), may be explained by considering Alexander's law [35] . This law states that nystagmus slows down in the direction of the slow phase, possibly causing a discrepancy between the efferent and re-afferent signals e and a. This discrepancy may as yet give rise to a perceived target motion, as with the OGI. We are aware of the fact that this explanation is hypothetical, and needs further consideration and validation.
Another detail concerns Carriot at al. their observation [16] that "After constant velocity is achieved, the OGI remains at considerable amplitude [...]. This pattern suggests that velocity storage signals also contribute and have different time constants for affecting visual perception of target location and for driving eye movements". Here, velocity storage refers to the neural mechanism required to explain the phenomenon that the duration of nystagmus induced by a sudden change in angular self-motion is typically longer than can be explained by canal dynamics only [72, 76] . Although a continuous drifting of the after-image in MD patients and the resulting persistent walking deviation in the EUT would not require velocity storage, this mechanism is likely at issue, probably even more so because velocity storage and its involvement with motion sickness has been explained using efference copies [9, 10, 25] , and the observations that velocity storage is affected in patients with a unilateral hypofunction, like that in MD [45, 56, 57, 65, 71] .
The tentative conclusion so far can thus be extended further by stating that the typical EUT star-walk in unilateral MD can be explained by the vestibular bias, making an after-image associated with the straight-ahead to drift comparable to the OGI.
The star-walk corrected by WABIPs
The correct WABIPs in front of the eyes during the first walk of the EUT with eyes open causes a lateral shift of the visual straight-ahead in the direction of the strongest prism (see Figs. 1 and 2) . This implies that the eyes are shifted statically towards the affected side. While walking towards the luminous line with these prisms in a lit room with eyes open, the visual information allows the patient to walk in a straight line, while building up a "memory" of straight-ahead in the vestibulo-spinal system. An analogue may be that correct driving in a car is independent of the orientation of our hands on the wheel. It is important to note here that the retinal images with and without prisms are equal. In that sense, we deliberately refer to the conflict at issue here as a vestibulo-ocular, rather than a visual-vestibular conflict.
The most crucial assumption pointed to by Kapteyn & De Wit [44] and De Wit & Visser [27] then is that the eyes are now allowed to be oriented in the direction preferred by the vestibular bias. The conflict between the vestibular efferent bias (e) and the ocular re-afferent signal (a) is then eliminated, thus also eliminating a drift of the after-image during the remainder of the EUT as explained by the reasoning given above, based on Sugie [89] . Moreover, this reasoning also effectively explains why, during the remainder of the EUT, the patient walks in a straight-ahead fashion again, because the subjective straight-ahead associated with the true straight-ahead in the initial walk with eyes open does not drift away anymore. To close the loop: the right WABIPs are typically chosen such that the after-image does not drift anymore as implied by the patient walking straight ahead.
It can therefore be concluded even more specifically that the typical EUT star-walk in MD may be explained by a conflict between the vestibular efferent bias and a re-afferent ocular signal. This conflict 1) causes an after-image associated with the straightahead to drift comparable to the OGI; and 2) can be eliminated by giving the eyes the same bias as preferred by the vestibular system using WABIPs.
The therapeutic effect of WABIPs
In the latent phase of unilateral MD, patients can be assumed to be continuously stressed by the conflict between the vestibular efferent velocity bias (e) and the re-afferent ocular signal (a). Even though this stress may be otherwise unnoticed, it makes sense to assume that it can accumulate over time, giving rise to symptoms of dizziness, vertigo and even nausea. A comparable phenomenon concerns motion sickness. Motion sickness due to mild motion may also go unnoticed initially, but can accumulate giving rise ocular, disorienting, and vertiginous and/or nauseating effects [46, 73] , showing a certain overlap with the disorienting symptoms associated with MD. Moreover, the most popular theory on motion sickness by Reason & Brand [73] has been further elaborated to include equal assumptions about efference copies and afferent signals as applied by Sugie [7, 8, 9, 11, 63, 89] . Note that the discomforting conflict in Ménière does not require actual, or more specifically exogenous body motion. The crucial point is that the assumed motion in MD is endogenous, i.e., caused by the malfunctioning organs of balance, or more specifically by the net vestibular angular velocity bias referred to above. Interestingly, Vente et al. [100] also reported on a positive effect of WABIPs on motion sickness. It therefore makes sense to assume that by eliminating the vestibulo-ocular conflict e−a in the EUT, also the vestibulo-ocular stress and accumulated symptoms typical for MD will be eliminated, or more likely reduced, by continuously wearing WABIPs.
As mentioned in section 2, vertigo and nausea are reported to have the largest negative impact on the quality of life in MD [47, 48, 64, 108] . This includes negative beliefs about the consequences of vertigo, typically increasing the level of anxiety experienced [48] . Because here it is assumed that WABIPs are especially effective with respect to vertigo and nausea, WABIPs can also be assumed to reduce the level of anxiety. This therefore concerns a psychological effect, intensifying the positive effect on the quality of life as a whole.
WABIPs have also been reported to be of benefit during attacks in the acute phase of MD. Although we are not aware of, and cannot think of any reason why WABIPs might have a direct effect on the functioning of the end-organ and cochlea, in particular a hydrops, we may yet speculate on a couple of reasons. The first reason concerns the effect of prisms on the VOR, which, although likely small, may not be negligible. This comes about by easing visual fixation, allowing the visual system to regain dominance over the vestibular system, thus reducing vertigo. An additional effect that may be at issue, relates to Alexander's law again [35] . Because the strongest prism is typically placed at the side of affected labyrinth, this will force the eyes to look in that direction, thus effectively attenuating the nystagmus, which attenuation may have an additional positive effect. Furthermore, because the vestibuloocular stress and resulting anxiety have been reduced during the latent phase, this reduction may ease the patient from the start of the acute phase onwards. Because at the end, like with pain in general, it is the perception of the attack that counts, it may also make sense to assume that the reduction of the vestibuloocular stress keeps minor attacks below the threshold for perception, which may even explain a reduction in frequency thereof.
With respect to the accumulation of stress yielding the negative effects associated with MD, a difference has been reported between short-and long-term effects [2, 74, 75] . Although referring to prism effects in healthy subjects, these references suggest that the long term tonic imbalance between the healthy and affected vestibular organ may lead to habituation specifically by means of velocity storage. Moreover, this seems to be related to an enhancement of the impaired low-frequency vestibular responses [32] . Interestingly, velocity storage has been manipulated by means of VOR adaptation, particularly in the mal-de-débarquement syndrome [24] . The latter syndrome refers to symptoms shared with motion sickness (as discussed above) and MD, caused by a traumatic event typically involving motion, lasting for months to years, and in which no clinical deficit of vestibular function can be proven. The latter points to a central effect, in which velocity storage may be at issue. This observation may also have consequences for the time required to wear WABIPs, i.e., the possibility that after a certain time, the CNS has eliminated the vestibulo-ocular stress internally, after which the prisms are not required anymore. The importance with respect to WABIPs of velocity storage and habituation is yet unclear and remains to be explored.
Discussion
The final conclusion reached, based on the literature above, is that the typical star-walk observed in the extended Utermöhlen test (EUT) during a latent phase of unilateral Ménière's disease (MD) can be explained by a conflict between the vestibular efferent bias (e) and a re-afferent ocular signal indicative for eye position (a), which 1) makes an after-image of a target (T) associated with the straight-ahead to drift subjectively (S), comparable to the OGI according S = T − (e−a); 2) which conflict e−a can be eliminated by giving the eyes a bias as preferred by the efference copy using weak asymmetric basein prisms (WABIPs) effectively making a = e; and 3) wearing these WABIPs on a daily basis prevents this conflict accumulating into vertigo and nausea.
The focus of the reasoning given above concerned the asymmetry of the prisms resulting in a lateral displacement of the visual field and straight-ahead, and version eye movements. The reasoning about the base-in position of the prisms was assumed to compensate for a convergence insufficiency. Yet, the latter may also have an effect on the alleviation of vertigo and nausea, because a convergence insufficiency may lead to an erroneous estimate of depth, based on the difference between the re-afferent signals of both eyes. This can therefore be assumed to also impede the perception of self-motion, which, in turn may add to the vestibulo-ocular stress.
A complicating factor in the application of WABIPs in MD results from the simple observation that ENT doctors generally do not prescribe eyeglasses, whereas eye doctors generally do not treat Ménière patients. Moreover, from an ophthalmologic point of view, the weakness of the prisms can cause doubt, as can the phenomenon of adaptation to, or "eating up" of prisms [15] . Yet, it should be reckoned that these objections relate to ophthalmologic disorders, while the WABIPs as explained here typically concern a vestibular disorder. If the effectiveness of WABIPs could be definitively proven and its underlying mechanism described here validated, this would offer the patient suffering from MD a cheap and easy treatment for improving their quality of life, and possibly preventing the use of medication and/or surgery, including the complete ablation of the organs of balance.
In this paper we deliberately focussed on MD, mainly because the scarce data that has been presented on WABIPs in the literature did focus on MD. Furthermore there is some understanding about its origin, and the disease can be characterized by explicit criteria. The reasoning underlying the hypothesis described here, and the ensuing benefit of WABIPs and other (vertical) prisms alike, may, however, equally hold for unilateral vestibular diseases different from but related to MD.
We therefore finally conclude that: 1) the positive results of WABIPs reported on so far, 2) the fact that the treatment itself is relatively simple, non-invasive, low-cost and has a high degree of patient acceptance; and 3) there is support from the literature for a mechanism as reported on here, all speak in favour of further studies on the effectiveness and mechanism of WABIPs in Ménière's and related diseases.
